Elbow ulnar collateral ligament reconstruction (UCLR), or the "Tommy John surgery," was originally popularized by Dr. Frank Jobe in 1986.[@bib1] Since then, UCLR with a tendon graft has remained the gold standard for managing these injuries.[@bib2] Recently, studies have reported an increase in frequency of these injuries in athletes at all levels of competition, with as many as 25% of major league and 15% of minor league pitchers having the procedure.[@bib3], [@bib4], [@bib5] The reported average age range of patients undergoing this procedure has been found to be between 15 and 19 years, suggesting that younger athletes are at increasing risk.[@bib6] UCLR exposes these young pitchers to the risk of bone loss, fracture, or other complications requiring revision surgery. Indeed, recent literature has reported revision rates ranging from 3.9% to as high as 15% in professional pitchers.[@bib7], [@bib8] Although primary UCLR can be expected to produce excellent results, the success of revision UCLR is significantly lower, with studies reporting return-to-sport rates ranging from only 33% to 65%.[@bib9], [@bib10]

Over the past years, UCL repair for acute as well as partial tears in young athletes has gained increasing popularity, with studies reporting good outcomes and return to sport rates in this patient cohort.[@bib11], [@bib12] With the introduction of the InternalBrace (Arthrex, Naples, FL) repair construct and its increasing popularity in the foot, ankle, and even anterior cruciate ligament literature, it was only a matter of time before this concept was applied to the elbow.[@bib13], [@bib14] A recent technique paper describes an "internal bracing" method that includes direct repair of the ligament augmented by a spanning suture tape fixated with 2 3.5-mm anchors at the proximal and distal insertion points.[@bib15] Although early clinical outcomes for this method are promising, one concern for this technique is the resultant bone loss that occurs at the center of the sublime tubercle when an anchor is placed centrally in the ulnar footprint. This may lead to a significant handicap should revision to the UCL be necessary in the future.

In this technique article, we present an alternative fixation construct that uses 2 smaller anchors to assist with ligament repair as the injured native ligament heals. We feel this modified construct will provide stability to the elbow and shield the ligament from high stresses as it heals, while minimally impacting the osseous integrity of the sublime tubercle.

Surgical Technique {#sec1}
==================

The key points of the technique are summarized in [Table 1](#tbl1){ref-type="table"}, and the technique is demonstrated in [Video 1](#appsec1){ref-type="sec"}.Table 1Pearls and Pitfalls for Ulnar Collateral Ligament (UCL) Repair With Internal BracingKey Points of the Surgical TechniqueUse of sterile tourniquet to allow for optimal exposure of surgical site.Identification and protection of the medial antebrachial cutaneous and ulnar nerves is paramount.Releasing the medial intermuscular septum off of its attachment on the medial epicondyle to improve exposure.Meticulous dissection of the UCL off of the ulnar footprint to preserve robust ligament tissue for repair.Alternating drill trajectories for ulnar tunnels to ensure divergent anchor placement and preservation of bony bridge.Identifying the center of humeral footprint and ensuring drill trajectory is collinear with epicondylar axis.Performing the distal UCL repair after drilling humeral anchor site to facilitate visualization.Docking the proximal anchor with the arm held in 60° of flexion and a gentle varus force applied.

Patient Positioning and Setup {#sec1.1}
-----------------------------

The patient is positioned supine with the operative extremity on a hand table attachment. General endotracheal anesthesia is used without regional blockade of the brachial plexus. This is done to allow for accurate postoperative evaluation of ulnar nerve function. After standard preparation and drape, the entire operative arm, up to but excluding the axilla, is draped into the surgical field. A sterile tourniquet can be used to allow maximum exposure of the surgical site. The operating surgeon sits on the ulnar side of the arm, with the first assistant sitting directly across from him or her. A second assist may be positioned at the end of the hand table.

Exposure of the UCL {#sec1.2}
-------------------

A 10-cm curvilinear incision, centered over the medial epicondyle, is made spanning from the distal portion of the intramuscular septum to 2 cm distal to the sublime tubercle. Dissection is carried out through the subcutaneous tissue using Metzenbaum scissors. Care is taken to identify and preserve the branches of the medial antebrachial cutaneous nerve. The deep dissection is continued anteriorly and posteriorly over the medial epicondyle. The apex of the medial epicondyle is located, and electrocautery is used to mark the center of the insertion of the UCL. This is located roughly 3 mm anterior to the apex of the epicondyle. The sublime tubercle is palpated distally, and the fascia overlying the flexor pronator mass is incised longitudinally in line with the identified 2 points. A small periosteal elevator is used to bluntly split the deep muscle fibers, exposing the underlying UCL. The ulnar nerve runs at the posterior border of the UCL in this location. Care is taken to dissect the nerve off of the UCL, freeing up its anterior edge. This allows safe retraction of the nerve when exposing the ligament\'s entire footprint on the sublime tubercle. The ulnar nerve is protected throughout the entire procedure. If there is clinical evidence of ulnar nerve compression, the nerve is circumferentially released and transposed.

Ligament Repair and Augmentation {#sec1.3}
--------------------------------

The distal insertion of the UCL is identified at the sublime tubercle and sharply incised in line with its fibers directly over the center of the ligament footprint. The UCL is then elevated sharply off of the footprint, creating 2 separate flaps (anterior and posterior) of robust tissue to be used for later repair. The starting points for the anterior and posterior tunnels are identified 5 mm distal to the joint line, as originally described by Jobe, and marked with a marking pen.[@bib1] Two divergent tunnels are drilled at the marked spots using a 2.9-mm drill and 12.5-mm drill sleeve ([Fig 1](#fig1){ref-type="fig"}). A 55° V-drill guide (Arthrex) is used to facilitate the identification of the starting point and to ensure a robust bone bridge between the anchors. Care is taken to avoid penetrating the articular surface of the ulna when drilling the tunnels. Two short 2.9 mm × 12.5 mm PushLock anchors (Arthrex) are used for the distal repair. The posterior anchor is loaded with 2 2-0 FiberWire sutures and one 1.3-mm SutureTape (Arthrex). The anterior anchor is loaded with 2 2-0 FiberWire sutures alone ([Fig 2](#fig2){ref-type="fig"}).Fig 1A sawbones model of the medial elbow (proximal is to the right of the image, anterior is at the top of the image). The image demonstrates the position of the 2 ulnar drill holes for the divergent anchor tunnels. The tunnels are drilled using a 2.9-mm drill. A drill guide with a 12.5-mm stop is used to ensure the tunnels are appropriate length. Most importantly, the drill holes are positioned in the same location as where tunnels would be drilled for a reconstruction.Fig 2Cadaveric right elbow model demonstrating positioning of the 2 ulnar anchors. The anterior (top) anchor is loaded with 2 FiberWire sutures, while the posterior (bottom) anchor is loaded with 2 FiberWire sutures and a single SutureTape suture. Distal repair of the ulnar collateral ligament will be performed using the FiberWire sutures in the 2 anchors. The SutureTape will be used to bridge the ligament for augmentation.

In preparation for the distal repair of the UCL, 2 limbs of FiberWire from each anchor are passed through the split edges of the UCL (e.g., FiberWires from the anterior anchor are passed through the anterior edge of the UCL, etc.). The remaining 4 FiberWire limbs are passed in a similar fashion but more peripherally from the central split in order to incorporate a more substantial portion of the UCL. The final construct appears as a double-row suture construct on each side of the split ligament ([Fig 3](#fig3){ref-type="fig"}). The sutures are left untied to optimize visualization while preparing the humeral footprint.Fig 3Cadaveric right elbow model demonstrating the distal ligament repair. The FiberWire sutures from each anchor are passed through the torn ligament in preparation for repair. The SutureTape (seen at the inferior border of the ligament) is left free for bridging of the entire ligament.

The humeral footprint of the UCL is identified on the inferior surface of the medial epicondyle, and the center of the footprint is split with a scalpel to expose the underlying bone. Careful deliberation is used for positioning the anchor directly in the middle of the native footprint with a trajectory in line with the epicondylar axis. A 3.5-mm drill bit and corresponding drill guide are used to make a 16-mm tunnel in the medial epicondyle, taking care to avoid posterior cortical blowout. A 3.5 mm tap is used to prepare the tunnel for anchor insertion.

Attention is now turned back to the distal repair of the UCL. The elbow is held in 60° of flexion, and a gentle varus force is applied to reduce the joint. The 2 peripheral FiberWire limbs are tied to each other in a simple fashion (e.g., anterior-proximal limb to anterior-distal limb, posterior-proximal limb to posterior-distal limb) to reduce the ligament down to the footprint. The 2 central rows of FiberWire sutures are then tied in a crossing pattern over the central split to repair the longitudinal split and reinforce the construct.

Finally, the 1.3-mm SutureTape from the posterior PushLock anchor is loaded into a 3.5 mm × 15.8 mm SwiveLock anchor (Arthrex). The ulnohumeral joint is held reduced in 60° of flexion with a gentle varus stress and, after confirming isometry of the construct, the anchor is seated into the humeral tunnel ([Fig 4](#fig4){ref-type="fig"}). The longitudinal split of the ligament is then repaired with simple stitches using 2-0 FiberWire suture ([Fig 5](#fig5){ref-type="fig"}). Following wound closure, the arm is placed in a well-padded posterior splint with the elbow held in 90° of flexion and neutral rotation.Fig 4Cadaveric right elbow model demonstrating placement of the humeral anchor to complete the suture bridge augmentation. A SwiveLock anchor is loaded with the SutureTape from the posterior ulnar anchor and seated into the medial epicondyle to complete the ligament augmentation construct.Fig 5Cadaveric right elbow model demonstrating the final augmented repair. The FiberWire sutures have been tied down distally to repair the ligament. The SutureTape is seen spanning the posterior border of the anterior bundle of the ligament, running from the posterior ulnar anchor to the humeral medial epicondyle.

Discussion {#sec2}
==========

The UCL repair construct presented in this article carries the advantages of protecting the native UCL as it heals while preserving the bony integrity of the center of the sublime tubercle as this is often a later location for UCLR tunnels. This procedure is best applied to patients with acute avulsion injuries of the UCL from its distal insertion on the ulna. Our construct places emphasis on reinforcing the posterior band of the anterior oblique bundle with SutureTape because the posterior band is under highest tensile loads at increased angles of elbow flexion.[@bib16], [@bib17] High degrees of elbow flexion in overhead athletes correlate with the late cocking and early acceleration phases of throwing and consequently with the highest stresses experienced by the elbow during the movement.[@bib18] As such, the SutureTape construct provides a protective support for the UCL throughout rehabilitation as the ligament injury heals.

One limitation of this technique is it relies on the integrity of the UCL tissue following injury. In many cases, the ligament has sustained chronic injury over a prolonged period of time, leading to permanent injury and microtrauma throughout the entire ligament.[@bib1], [@bib19] This type of pathology is usually seen in professional and elite athletes after years of throwing.[@bib1], [@bib20] In these patients, primary repair is unlikely to be successful as the native tissue is insufficient to provide appropriate stability to the elbow; in such cases, ligament reconstruction is warranted.

More recently, however, there have been an increasing number of patients sustaining UCL injuries at younger ages, a phenomenon attributed to increasing pitch velocity and the increasing number of games played by these young athletes.[@bib21], [@bib22] UCL injuries in younger pitchers are more likely to be associated with an acute injury isolated to the distal or proximal portion of the ligament.[@bib11] In such cases, the integrity of the tissue remains intact and the ligament is thought to be amenable to primary repair.[@bib11] The repair technique discussed in this paper is best applied to these types of injuries, where the ligament is likely to heal.

In conclusion, the modified UCL repair constructed presented in this paper, when applied to the appropriate patient, minimizes the morbidity of the procedure by eliminating the need for graft harvest, retains the bony integrity of the ulnar insertion, and adds internal stability to the ligament as it heals. Furthermore, the presence of the internal suture bridge may allow for faster rehabilitation and earlier return to sports.

Supplementary Data {#appsec1}
==================

Video 1The video demonstrates the ulnar collateral ligament (UCL) repair with internal bracing of the posterior band performed on a right cadaveric elbow. A 10-cm curvilinear incision, centered over the medial epicondyle, is made spanning from the distal portion of the intramuscular septum to 2 cm distal to the sublime tubercle. Dissection is carried out through the subcutaneous tissue, and the fascia overlying the flexor pronator mass is incised longitudinally in line with the fibers. A periosteal elevator is used to bluntly split the deep muscle fibers, exposing the underlying UCL. The ulnar insertion of the UCL is longitudinally incised in line with its fibers and elevated sharply off of the footprint. The starting points for the anterior and posterior ulnar tunnels are identified 5 mm distal to the joint line. Two divergent 12.5 mm deep tunnels are drilled at the marked spots using a 2.9-mm drill. Two short 2.9 mm PushLock anchors (Arthrex) are used for the distal repair. FiberWire strands from the anchors are passed through the distal ligament for later repair. The humeral footprint of the UCL is identified, and the center of the footprint is split to expose the underlying bone. A 3.5-mm drill is used to make a 16-mm tunnel in the medial epicondyle. A 3.5-mm tap is used to prepare the tunnel for anchor insertion. The distal repair is completed by tying the FiberWire sutures down to the bone. The SutureTape is loaded into a 3.5-mm SwiveLock anchor (Arthrex), and the anchor is seated into the humeral tunnel. The longitudinal split of the ligament is then repaired with simple stitches using 2-0 FiberWire suture.ICMJE author disclosure forms
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